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 The role played by numerical calculation is rapidly expanding in various 
research fields, in sync with the progress of computational technology. In this 
paper, we describe an experimental and numerical analytical study conducted 
on a number of specific topics, for the purpose of clarifying the physical 
characteristics of supersonic flow fields associated with shock waves . The study 
aims to maximize the utility of high-performance computers and takes into 
consideration the optimization of analysis methods of the numerical calculations 
and experimental data of flow fields for each issue. This study focuses on two 
broad topics, namely the “consideration of supersonic flow fields using 
numerical fluid dynamics” and “image processing with an optical visualization 
method.”  
An exact simulation of complex flow fields is difficult to achieve with 
computational fluid dynamics (CFD) that utilizes approximation using 
computers to resolve the fundamental equations of flow fields, even when 
high-performance computers developed in the recent years are used. Therefore, 
it is important to prepare an optimum computational environment suitable for 
the characteristics of issues or objectives of studies and to perform 
approximation calculations within an allowable precision range. A parallel 
computer system specializing in numerical calculations is built and its 
performance evaluated in this study. Hardware resources are managed well to 
clarify details on the occurrence of the shock wave vibrational phenomenon and 
the complex transitional process by using a three-dimensional unsteady 
calculation for the purpose of optimization in the “study of an unsteady flow 
field around a hemispherical shell in an supersonic flow.” Furthermore, 
optimization from hardware aspects, such as the use of a graphics processing 
unit (GPU) as the processor to suit the characteristics of the problem, is carried 
out in order to achieve a system with an extremely high computational 
performance with respect to cost and power consumption in the “study on a 
shock wave implosion inside a hemispherical implosion chamber.” Optimization 
from software aspects is carried out by conducting a fundamental review of the 
algorithm used for analysis in the “study on the relaxation effect of a molecular 
vibration for a weak shock wave,” achieving a dramatic improvement in the 
computational speed to the extent that problems that were analyzed using 
parallel computer systems over several hours in the past could be solved in just 
few minutes using a personal computer mounted with a single central 
processing unit (CPU).  
Furthermore, a background-oriented schlieren (BOS) is focused upon as a topic 
of optimizing “image processing by using an optical visualization method” in 
this study in order to evaluate the proposed optimization method. The BOS 
method is one of the optical visualization methods that visualize density 
gradients by using the fact that the image set up in the background of a 
phenomenon gets distorted because of a change in the refraction index of the 
flow field. An intensity image that includes multiple frequency components is 
used as the background image in the abovementioned BOS method and 
successfully resolves the problems related to the cases of single frequencies .  
Further, computer utilization technology is optimized not only with a numerical 
analysis but also for experimental research as described above, and a number of 








Fluid Dynamics : CFD）によって研究した成果をまとめたものである。CFD により非定常
流れ場の数値模擬を行う際，計算領域を多数の計算セルに分割し，各セルでの状態変数を
細かい時間ステップで逐次計算していく必要があり，膨大な計算機資源を必要する。この
ため本論文では数値計算をより効率良く行うため，計算手法の最適化を行っているが，計
算手法およびプログラミングの工夫のみならず，並列計算機の構築も含まれている。流れ
場の物理的解明を中心として，これらの最適化の効果を評価している点が本論文の特徴の
一つである。 
 研究対象とした衝撃波問題は，①ソニックブームの様な微弱衝撃波の空中伝播に伴う減
衰と平滑化，②半球容器内での爆轟波の伝播とその収束安定性，③空気抵抗による飛翔体
の遷音速領域での減速，④超音速流内での半球殻前方に生じる離脱衝撃波の振動現象等で
ある。ソニックブームの研究では，衝撃波波面が，酸素および窒素分子の振動緩和現象に
よって，減衰および波面の平滑化をひきおこす事，また，その際湿度によってそれぞれの
分子の効果が大きく異なる事を数値計算により明確に示している。また計算時間の大幅な
短縮を目指して，周波数解析の原理を応用した計算法を提案して実行し，その有効性を論
じている。爆轟波の計算には化学反応時間によるスティフネスの問題があるが，化学反応
が周囲の計算セルとは独立に処理可能であるという特徴を考慮した上で，GPGPU による計
算を行う事で，計算時間の大幅な短縮を図っている。 
 超音速流れの解明には，光学可視化が必須の技術要素であるが，本論文では従来のシュ
リーレン法やシャドウグラフ法に加えて，密度の定量分析が可能なアセトン誘起蛍光法や，
Background Oriented Schlieren（BOS）法を適用して実験を行い，数値計算結果との比較
により有意義な知見を得る事に成功している。更に，BOS で従来問題となっていた位相反
転の問題を解決する目的で，複数周期の背景画像を用いる BOS 法を新たに提案して，実際
にその効果を示すなど，実験法の開発にも貢献している。 
 以上，本論文は，航空宇宙および関連分野への寄与するところが大きく，博士（工学）
の学位に値すると認める。 
  
